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Abstract

This study investigated the antimicrobial actions of Zanthoxylum limonella, neem leaves, garlic and
galangal from Laos to inhibit some foodborne pathogens, particularly Escherichia coli, Salmonella enterica
serovar. Typhimurium and Staphylococcus aureus. Herb extracts were obtained by hydrodistillation at
100°C for 4 h at atmospheric pressure or by supercritical fluid extraction at 45°C and 17 MPa for 4 h.
The antimicrobial activities of the extracts were then studied against three different pathogens on
microbiological media using Minimum Inhibitory Concentration (MIC), Minimum Bactericidal Concentration
(MBC) and agar disc diffusion assay. The highest yield extract was determined in the Z. limonella extract
obtained by hydrodistillation, which was 6.32+0.40%. In the MIC method, the Z. limonella extract from
hydrodistillation and galangal extract obtained by supercritical fluid extraction at a concentration of 12.5%
could inhibit all of the studied pathogens. However, it was only the Z. limonella extract produced by
hydrodistillation that could kill the pathogens at the lowest concentration of 12.5%. Regarding the agar disc
diffusion assay, Z. limonella extract from hydrodistillation at 100% concentration could inhibit E. coli for
15.67+1.81 mm, which was not significantly different to that of an antibiotic control of 10 pug methicillin
(p>0.05). For S. Typhimurium and Staph. aureus, the highest inhibition could be significantly achieved by
galangal extract obtained by supercritical fluid extraction at 100% concentration for 25.87+0.68 and
25.77+0.68 mm, respectively (p<0.05). These inhibition zones were significantly higher than their antibiotic

controls of 10 ug amoxycillin and 10 pg methicillin, respectively.
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1. Introduction

Essential oils of herbs and spices are highly concentrated, volatile, natural, complex
compounds characterized by a strong odor and are formed by aromatic plants (Bakkali et al.,
2008; Stanojevi¢ et al., 2015). The compounds are normally formed in special cells or groups
of cells, found in leaves and stems, and commonly collected in one specific region, such as
flowers, buds, seeds, leaves, bark, herbs or fruits (Gutierrez et al., 2008; Bajpai et al., 2012).
They possess antimicrobial and antioxidant activities due to small terpenoids and phenolic
compounds, including thymol, carvacrol, eugenol (DuSan et al., 2006; Seydim and Sarikus,
2006; Bajpai et al., 2012). Since the essential oils are recognized as natural antibacterial
compounds, their application in food is an attractive way to control the presence of pathogenic
bacteria and/or to extend the shelf life of processed food (Bajpai et al., 2012). This would also
be an alternative approach to chemical additives (Shylaja and Peter, 2004) and fulfiled a
demand of consumers, who preferred food products without preservative agents (Oonmetta-
aree et al., 2006; Martinez-Gracid et al., 2015).

Some herb and spices, such as Z. limonella, neem leaves, garlic and galangal, were
appealed to be studied. Studies of Z. limonella have been reported by some researchers
(Negi et al., 2011; Tangjitjaroenkun et al., 2012a; Supabphol and Tangjitjiaroenkun, 2014).
These researchers conveyed that roots, leaves, fruits, stems and stem-barks of Z. limonella
were utilized as spices and traditional medicines. According to Tangjitjaroenkun et al. (2012a),
stems of Z. limonella possessed antifungal activity and contained limonelone, (-)-asarinin,
dihydroalatamide, (-)-tembamide, dictamnine and N-nornitidine. On the other hand, limonene,
(+)-sabinene and terpinen-4-ol were three major compounds found in Z. limonella oil
(Charoensup et al., 2016). A review by Supabphol and Tangjitjaroenkun (2014) reported that
essential oil of fruit Z. limonella could inhibit Bacillus cereus, E. coli, Listeria monocytogenes,
Salmonella Rissen, Pseudomonas fluorescens and Staph. aureus. Neem or Azadirachta indica
that is widely found in South Asia, Southeast Asia and West Africa, is known as a medicinal
plant (Mongkholkhajornsilp et al., 2005; Subapriya and Nagini, 2005). Leaves of the tree were
extensively used as a vegetable and neem oil contained some bitter compounds, including
nimbin, nimbinin, nimbidin and nimbidiol (Mongkholkhajornsilp et al., 2005). Subapriya and
Nagini (2005) reviewed that mahmoodin, a limonoid isolated from A. indica displayed a
significant antibacterial activity. A work of Maragathavalli et al. (2012) demonstrated that
methanol and ethanol extracts of neem leaves could inhibit Bacillus pumilus, Pseudomonas
aeruginosa and Staph. aureus in an agar disc diffusion method, while the extracts could not

prevent the growth of E. coli and S. Typhimurium.
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Garlic or Allium sativum is part of the Allium genus and is widely studied spice with
many purported benefits. It contains organosulphur compounds with antioxidant, anti-
inflammatory and antimicrobial properties (Wilson and Demmig-Adams, 2007). The spice has
an active substance allicin (diallyl thiosulfate) that is responsible for the pungent smell and for
its therapeutic properties (Santhosha et al., 2013). Ankri and Mirelman (1999) reviewed that
different garlic preparations exhibited a wide spectrum of antibacterial activity against Gram
negative and Gram positive bacteria, including species of Escherichia, Salmonella,
Staphylococcus, Streptococcus, Klebsiella, Proteus, Bacillus, Clostridium and Mycobacterium.
Beside garlic, galangal (Alpinia galanga) in the family Zingiberaceae is widely cultivated in
Southeast Asia countries, such as Philippines, Indonesia, Thailand, India and China. The herb
is commonly used in diets as well as in traditional medicines (Wu et al., 2014). It is rich in
phenolic compounds, viz. flavonoids and phenolic acids (Mayachiew and Devahastin, 2008).
A study by Oonmetta-aree et al. (2006) reported that a major constituent of galangal ethanol
extract was D,L-1’-acetoxychavicol acetate. At a concentration of 1000 pg/mL of galangal
essential oils, it could inhibit Staph. aureus, S. Typhimurium and Vibrio cholerae (Hamad
et al., 2016).

Foodborne diseases can produce negative public health outcomes, causing morbidity
and mortality. There have been three major pathogens that constantly be studied since
1990’s, which were Salmonella, Campylobacter spp. and E. coli (Das et al., 2017). E. coli cells
are characterized as Gram negative, chemoorganothrophic and oxidase negative commensal
microorganisms. Pathogenic E. coli have been recognized as the leading cause of traveller’s
diarrhea (40-70% reported cases) (Baker et al., 2016). The pathogen presents in human
intestines and causes urinary tract infection and coleocystitis or septicaemia (Zhang et al.,
2016). Salmonella is the most commonly reported source of food poisoning around the world.
The bacteria are Gram negative, facultatively anaerobic and non-spore forming bacilli and
have been identified for more than 2000 serotypes (Fadil et al., 2018). S. Typhimurium is an
important foodborne pathogen in all regions in the world and it can cause different diseases,
ranging from self-limiting gastroenteritis to systemic infection, and to infect many different
hosts, including humans (Herrero-Fresno and Olsen, 2018). S. aureus is Gram positive cocci,
which is belong to staphylococci genus that has 33 species. Most staphylococci constitute the
normal flora of the skin and mucus membrane (Almasaudi et al., 2017). The microorganism is
mostly accountable for food poisoning, toxic shock syndrome, endocarditis and post-operative

wound infections (Zhang et al., 2016).
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The objective of this study was to compare the antimicrobial activities of Z. limonella,
neem leaves, garlic and galangal extracted by either hydrodistillation or supercritical fluid
extraction method against three major pathogens of E. coli, S. Typhimurium and S. aureus in

microbiological media.

2. Materials and Methods
2.1 Raw materials of herb and spices

Dried herb and spices of Z. limonella, neem leaves, garlic and galangal were
purchased from morning markets in Vientiane capital city, Laos, sliced into pieces for garlic
and galangal (approximately 0.1 to 0.2 mm in thickness), and dried using sun drying for about
7 days. The dried herb and spices were then transferred to the Faculty of Agro-Industry,
Chiang Mai University, Thailand for approximately 14—16 h at room temperature. In Chiang
Mai University, the dried raw materials were kept at 4°C. On the day of extraction, each raw
material was ground using a laboratory blender (Philips blender, Indonesia) and sieved
through 1 mm pore size mesh (Wongsrisom et al., 2014; Lins, 2018). All of the dried herb and
spices were measured for their moisture content, water activity and color values (Rachkeeree
et al., 2014).
2.2 Source and maintenance of bacterial pathogens

Three bacterial pathogens, including E. coli TISTR 073, S. Typhimurium TISTR 2519
and Staph. aureus TISTR 2329, were obtained from Thailand Institute of Scientific and
Technological Research (TISTR), Pathum Thani, Thailand. The pathogens that came as
freeze-dried cultures were revived according to the TISTR guidelines using Tryptone Soya
Broth (TSB; Himedia, India). The resuscitated cultures were aerobically cultivated in TSB
medium at 37+1°C for 24 h (Seydim and Sarikus, 2006), mixed with sterile glycerol (Merck,
Germany) at ratio 1:1 and stored at -20°C as stock cultures. When the pathogens were used
in an experiment, the bacteria were activated by transferring 0.05 mL of stock cultures into 10
ml sterile fresh TSB and incubated at 37+1°C for 24 h (Samelis et al., 2003).
2.3 Hydrodistillation extraction

Each herb or spice studied in this research was extracted by a hydrodistillation
method using a Clevenger type apparatus. In each extraction process, herb or spice powder
was mixed with distilled water at a ratio of 1:10 (w/v) in a round bottom flask on a heater
(Samadi et al., 2017). To prevent spout development, glass balls were also added into the
flask. The extraction process was carried out at a heating power of 90-100°C for 4 h at
atmospheric pressure. At the end of the extraction process, the obtained extract was dried

over anhydrous sodium sulfate (Fadil et al., 2018) and kept in a dark sealed bottle at 4°C until
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used in experiments (Mejri et al., 2010). This extract was recognized as 100% concentration
solution. The yield of each herb extract was calculated based on Equation.

Yield of extract (%) = (Volume of the extract) / (Weight of sample) x 100
2.4 Supercritical fluid extraction

Supercritical carbon dioxide extraction was used as another method to extract the
studied herb and spices because most soluble components, such as essential oils, could be
extracted by the technique (Reverchon and De Marco, 2006). The extraction process was
carried out using 1,000 g of ground samples in an extractor vessel. The dried herb and spices
were extracted at a pressure of 17 MPa and a temperature of 45°C (Salea et al., 2017) for
3 h extraction time (Zhao and Zhang, 2014) using carbon dioxide gas at a flow rate of 46.1 to
143.9 L/h. The collected extract solution was recognized as 100% concentration, stored at
4°C prior to analyses in order to prevent chemical reactions, such as isomerization and
oxidation (Bagheri et al., 2014) and calculated for its yield based.

2.5 Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration
(MBC) of herb and spice extracts

Prior to MIC and MBC experiments, pathogen cultures were cultivated in sterile TSB
at 37+1°C for 24 h. After the incubation period, the cultures were serially diluted in 0.1%
peptone water (Himedia, India) and enumerated using Tryptone Soya Agar (TSA; Himedia,
India). Plates of the pathogen cultures were aerobically incubated at 37+1°C for 48 h. After
the incubation period, it was found that E. coli in the solution was 1.00><1O9 cfu/mL,
S. Typhimurium was 2.88><‘108 cfu/mL and Staph. aureus was 1.35><109 cfu/mL. For the MIC
and MBC studies, these cultures were diluted in 0.1% peptone water to obtain approximately
10" cfu/mL.

MIC and MBC determination were carried out in a sterile 96 well plate. Into each of
the well, 125 uL of sterile TSB, 15 uL of bacteria cultures of either E. coli, S. Typhimurium or
Staph. aureus, 0.5 pL of sterile Tween 80 and 10 uL of herb extract or sterile distilled water
were added and mixed properly. The concentrations of herb extract investigated in this
experiment were 100.0, 50.0, 25.0 and 12.5%. Sterile distilled water was used as a negative
control (no addition of herb extract). For positive controls, the wells were added with an
antibiotic disc, 10 uL sterile distilled water instead of herb extracts and 0.5 pL of Tween 80
was replaced with 0.5 pL of sterile distilled water. The positive controls included 10 pg
amoxycillin (Oxoid, UK), 10 unit methicillin (Oxoid, UK) and 10 pg penicillin G (Oxoid, UK).
The plate was then aerobically incubated at 37+1°C for 24 h (Turgis et al., 2012).
The observation of the wells after 24 h incubation time was recorded as MIC. The MIC was

defined as the lowest concentration of herb or spice extract that could inhibit the growth of
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microorganisms in the well after 24 h incubation (the well was not turbid or had clear solution)
(Turgis et al., 2012; Rachkeeree et al., 2014; Mahlangu et al., 2017). For MBC, solutions from
the wells that were not turbid were further streaked on solidified TSA medium and incubated
at 37+1°C for 24 h. The lowest concentration of herb or spice extract that could inhibit the
bacterial growth on TSA was noted as MBC (Rachkeeree et al., 2014; Zhang et al., 2016).
Each test was performed in triplicate.
2.6 Agar disc diffusion assay of herb and spice extracts

The agar disc diffusion assay was carried out using a bacterial population of
106 cfu/mL (Shan et al., 2007). In brief, the studied pathogens were cultured in TSB at 37£1°C
for 24 h, diluted with 0.1 peptone water to reach the intended bacterial population, spread on
solidified TSA medium using 0.1 mL of the diluted solution and left for 5-10 min at room
temperature. An amount of 10 puL herb or spice extracts was dropped on a filter paper disc
(6 mm) in a laminar flow cabinet. The studied concentrations of the extracts were 100.0, 50.0,
25.0 and 12.5%. After a while, the disc containing the extract was aseptically placed on the
inoculated TSA plates and incubated at 37+1°C for 24 h (Zhang et al., 2016; Gutiérrez-
Morales et al., 2017). For positive controls, antibiotic discs of 10 pg amoxycillin, 10 unit
methicillin and 10 pg penicillin G were used, while negative control was done by adding 10 uL
sterile distilled water into a paper disc. The results were recorded by measuring the zone
growth inhibition (clear zone) around the discs at 6 different positions using a digital caliper.
The antibacterial activity was reported in diameter inhibition zone (mm) and the experiments
were conducted in triplicate (Gupta et al., 2015).
2.7 Statistical analysis

Collected data were statistically analyzed in Factorial in Completely Randomized
Design using SPSS version 17.0 software (SPSS Inc, Chicago, IL, USA). Duncan’s multiple
range tests were used to assess the difference between treatment means. A probability level

p<0.05 was used as a statistical significance of the sample treatments.

3. Results and Discussion

3.1 Physicochemical properties of dried ground herbs and yield of herb extracts
Physicochemical properties of 4 dried herb and spices studied in this research can be

seen in Table 1. The moisture content of all of the raw materials was in the range of

8.76+0.27 to 18.58+0.89%. The highest moisture content value was determined in

Z. limonella. The moisture content of galangal powder was closed to the previous report of

Rachkeeree et al. (2014). For the moisture content of neem leaves, it was much lower than

the moisture content of the fresh material, which was reported to be 59.49 g/100g (Subapriya
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and Nagini, 2005). The low moisture contents of these raw materials could assist in reducing
degradation of antioxidant compounds by enzyme activities (Suhaj, 2006). The water
activities of 4 herb and spices used in this study was between 0.68+0.02 and 0.73%0.00.
These values were slightly higher than water activities of lemongrass, clove, garlic, ginger and
cinnamon studied by Rachkeeree et al. (2014). Differences in the water activity values could
be affected by the types of herb and spice and drying conditions given to commodities. Dried
herb and spices used in this experiment had dark color with L* value of 47.72+0.41 to
61.66+0.42 with slight red color direction (positive a* value), except neem leaves, and yellow
color direction (positive b* value). The results of color measurement indicated that each herb
and spices had their own particular color values.

Yields of different herb and spice extracts produced by hydrodistillation or supercritical
fluid extractions are presented in Table 2. The yield results displayed that the extraction
method affected the quantity of the final extract. For Z. limonella extract, it was better to be
processed by the hydrodistillation technique, which significantly produced the highest yield of
6.32+0.40% (p<0.05). On the other hand, neem leaves, garlic and galangal were better to be
extracted by supercritical fluid extraction to produce higher yields. The result of Z. limonella
extract by hydrodistillation in this study was higher than the yield of Zanthoxylum
xanthoxyloides, which was 3.88%, reported by Negi et al. (2011) and the yield of dried
Z. rhetsa fruit of 4.92% conveyed by Bubpawan et al. (2015). However, this result was lower
than findings of Tangjitjaroenkun et al. (2012c) and Supabphol and Tangjitjareonkun (2014) for
Z. limonella fruit. Beside Z. limonella extract, garlic extract obtained by hydrodistillation in this
study was also lower than the previous result of Rachkeeree et al. (2014) extracted by a
similar method. Differences in these findings could be affected by variable ecological and
geographical conditions, age of the plant, harvesting time and methodology of extraction
(Martinez-Gracia et al., 2015). For the yields of four herb and spice extracts produced by
supercritical fluid extraction, this study found values between 0.90+0.13 and 1.27%0.11%,
which were lower than works of Bagheri et al. (2014) for Piper nigrum L., Salea et al. (2017)
for Zingiber officinale var. Anarum and Zhao and Zhang (2014) for Eucalyptus leaves.
However, Petrovic et al. (2016) found an extraction yield of 0.58% for supercritical extract of
Thymus praecox. It was previously noted that particle size, pressure, temperature, extraction
time, solvent flow rate, percentage of co-solvents, solubility of the solute in the fluid, diffusion
through the matrix and collection process affected the yields of plant extract by supercritical
fluid extraction (Reverchon, 1997; Reverchon and De Marco, 2006; Pourmortazavi and

Hajimirsadeghi, 2007).
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Table 1 Physicochemical properties of dried ground herb and spices

Physicochemical Zanthoxylum
properties limonella Neem leaves Garlic Galangal
Moisture content (%)  18.58+0.89" 14.09:0.23°  14.98+0.39°  8.760.27°
Water activity 0.68+0.02° 0.73+0.00° 0.69+0.00° 0.73+0.00°
L* value 47.7240.41° 48.12:0.46°  58.12:¢0.09°  61.66£0.42°
Color a* value 2.9240.08° 2.53:017°  6.73:0.04° 7.64£0.17°
b* value 6.29+0.09° 13.76£0.55"  23.20£0.02°  22.29+0.77°

Note: e Means followed by different letters within the same row were significantly different (p<0.05).

Table 2 Yields of different herb extracts processed by hydrodistillation and supercritical fluid

extraction
Herbs Hydrodistillation (%) Supercritical fluid extraction (%)
Zanthoxylum
limonella 6.32+0.40°" 0.90£0.13"
Neem leaves 0.11£0.02° 1.1540.06"
Garlic 0.14+0.04° 1.27+0.11°
Galangal 0.11£0.01° 1.15£0.17"

Note: ** Means followed by different letters were significantly different (p<0.05).

3.2 Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration
(MBC) of herb and spice extracts against bacterial pathogens

MIC values of Z. limonella, neem leaves, garlic and galangal extracts produced by
hydrodistillation or supercritical fluid extraction against E. coli, S. Typhimurium and Staph.
aureus are displayed in Table 3. For control treatments of the studied pathogens, it is
exhibited in Table 4. From Table 3, it could be seen that extraction methods affected the
antimicrobial activities of the studied herb and spice extracts. In general, the Z. limonella,
neem leaves and garlic extracts had better antimicrobial activities when they were processed
by hydrodistillation method, while lower MIC values were produced by galangal extract
produced by supercritical fluid extraction compared to those of the hydrodistillation procedure.
This finding could be affected by different chemical compositions in the extracts processed by
different methods (Zhao and Zhang, 2014). Bagheri et al. (2014) reported that the P. nigrum
L. essential oil extracted by supercritical carbon dioxide extraction and hydrodistillation
possessed similar groups of compounds in different relative abundances. Different in extract

composition quantities was also observed by Wenqgiang et al. (2007).
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Among four different herb and spice extracts investigated in this study, the Z. limonella extract
by hydrodistillation possessed higher antimicrobial activities against E. coli, S. Typhimurium
and Staph. aureus compared to those of neem leaves, garlic and galangal extracts produced
using a similar method (Table 3). On the other hand, the galangal extract processed by
supercritical fluid extraction gave a better antimicrobial activity against the studied pathogens
compared to the other herb and spice extracts. The Z. limonella result in this study might be
affected by the presence of limonene, (+)-sabinene and terpinen-4-ol in the herb extract as
stated by Supabphol and Tangjitjareonkun (2014), Wongsrisom et al. (2014) and Charoensup
et al. (2016). This finding was also parallel with the review of Supabphol and Tangjitjareonkun
(2014), who conveyed that the Z. limonella fruit essential oil could inhibit several Gram
positive bacteria, Gram negative bacteria and yeasts. The antimicrobial activity of galangal
extract was contributed to the presence of 1,8-cineole, B-bisabolene, B-caryophyllene and
B-selinene in the extract (Mayachiew and Devahastin, 2008). The authors also found that the
MIC of galangal extract against Staph. aureus was 0.78 mg/mL. For Oonmetta-aree et al.
(2006), they noted a MIC value of 0.325 mg/ml for galangal extract against Staph. aureus.

Control treatments for MIC study in Table 4 demonstrated that the three studied
pathogens of E. coli, S. Typhimurium and S. aureus were common bacteria that could grow in
microbiological broth in the absence of herb and spice extracts. At the same time, all of the
bacteria were inhibited in the presence of amoxycillin and methicillin. It was interesting to note
that the E. coli in this study that was isolated from human stool was resistant to penicillin.
This finding was consistent to the report of Hemeg (2018). In the report, the worker informed
that 120 E. coli isolates from food samples were resistance to penicillin, amoxicillin-clavulanic
and erythromycin. Antibiotic resistant E. coli isolated from irrigation water and vegetables
against streptomycin and tetracycline have also been previously informed by Araujo et al.
(2017).

MBC values of different herb and spices extracts against the three studied pathogens
in Table 5 showed that some of the extracts, such as garlic and galangal extracts, needed
similar or higher concentration levels to kill the studied pathogens. This pattern was consistent
to previous reports of Rachkeeree et al. (2014), Zhang et al. (2016) and Lahmar et al. (2017).
Interestingly, the Z. limonella hydrodistillation extract was able to kill E. coli, S. Typhimurium
and S. aureus at a concentration level of 12.5% (Table 5), which was similar to its MIC value
(Table 3). A previous report of Tangjitiaroenkun et al. (2012b) found that essential oils of
Z. limonella fruits contained 42.7% sabinene and 39.1% limonene. They also showed that the
MBC of crude essential oil of the Z. limonella fruit and pure sabinene against 4 bacterial

pathogens, including multi-drug resistant S. aureus, methicillin resistant S. aureus, E. coli and
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extended spectrum B-lactamase producing E. coli, were 2.0 and 16.88 g/L, respectively.
For the supercritical fluid extraction extracts, it was only the galangal extract that could Kill
S. Typhimurium at the lowest studied concentration of 12.5%. The presence of cineole
(45.199%) and 4-allylphenyl acetate (13.718%) in galangal essential oil (Hamad et al., 2016)
might contribute to the result in this study. According to Oonmetta-aree et al. (2006), the
ethanol extract of galangal could disrupt the cytoplasmic membrane properties and coagulate
cell contents of Staph. aureus.

Between different herb and spice extracts, the neem leaves extract, irrespectively to
the extraction methods, exhibited the lowest antimicrobial activities to inhibit and/or kill the
studied pathogens. This particular extract required 100% or higher concentration to inhibit
E. coli, S. Typhimurium and S. aureus. In the review of Subapriya and Nagini (2005), they
informed that neem leaves had antibacterial activities against Mycobacterium tuberculosis,
Vibrio cholerae and Klebsiella pneumoniae. Quelemes et al. (2015) also reported that
ethanolic extract of neem extract was able to inhibit methicillin-resistant S. aureus biofilm and
planktonic aggregation formation. Differences in finding could be affected by extraction
methods of plant material, microorganism species, the volume of inoculum, growth phase and
culture medium that was used (Tajkarimi et al., 2010).

The control treatments for MBC experiment can be seen in Table 6. The results were
consistent with the MIC control treatments (Table 4) that all of the studied pathogens in this
study could be killed by antibiotics of amoxycillin and methicillin. For penicillin, it was

bactericidal against S. Typhimurium and S. aureus, but it could not kill E. coli.
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Table 3 Minimum Inhibitory Concentrations (%) of herb and spice extracts against the studied

pathogens
Minimum Inhibitory Concentrations (%)
Studied
Herb extracts Hydrodistillation Supercritical fluid
pathogens
extraction extraction
Escherichia coli ~ Zanthoxylum limonella 12.5 50.0
Neem leaves 100.0 >100.0
Garlic 50.0 100.0
Galangal 25.0 12.5
Salmonella Zanthoxylum limonella 12.5 100.0
Typhimurium Neem leaves 100.0 100.0
Garlic 50.0 100.0
Galangal 50.0 12.5
Staphylococcus  Zanthoxylum limonella 12.5 100.0
aureus Neem leaves 100.0 100.0
Garlic 50.0 50.0
Galangal 25.0 12.5

Table 4 Minimum Inhibitory Concentration of control treatments against the studied pathogens

Sterile distilled =~ Amoxyecillin Methicillin Penicillin G
Studied pathogens

water 10 ug 10 ug 10 unit
Escherichia coli +* - - +
Salmonella
Typhimurium ' ) ) )
Staphylococcus aureus + - - -

Note: * (+) = cloudy well (microorganism growth) and (-) = well was not cloudy (microorganism did not

growth)

© 2018 Agro-Industry, Chiang Mai University



Food and Applied Bioscience Journal, 2018, 6(Special Issue on Food and Applied Bioscience), 218-239 229

Table 5 Minimum Bactericidal Concentrations (%) of herb and spice extracts against the studied

pathogens
Minimum Bactericidal Concentrations (%)
Studied
pathogens Herb extracts Hydrodistillation Supercritical fluid
extraction extraction
Escherichia coli ~ Zanthoxylum limonella 12.5 50.0
Neem leaves 100.0 >100.0
Garlic 100.0 >100.0
Galangal 100.0 50.0
Salmonella Zanthoxylum limonella 12.5 100.0
Typhimurium Neem leaves >100.0 >100.0
Garlic >100.0 100.0
Galangal 50.0 12.5
Staphylococcus  Zanthoxylum limonella 12.5 50.0
aureus Neem leaves 100.0 100.0
Garlic 50.0 100.0
Galangal 100.0 100.0

Table 6 Minimum Bactericidal Concentration of control treatments against the studied pathogens

Sterile distilled =~ Amoxyecillin Methicillin Penicillin G
Studied pathogens
water 10 pg 10 pg 10 unit

Escherichia coli +* - - +
Salmonella

+ - - -
Typhimurium
Staphylococcus aureus + - - -

Note: * (+) = cloudy well (microorganism growth) and (-) = well was not cloudy (microorganism did not

growth)
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3.3 Antimicrobial activities of herb and spice extracts by agar disc diffusion method

The antibacterial activity results of herb and spice extracts against some Gram
negative and Gram positive bacteria assessed by agar disc diffusion method are presented in
Tables 7-9. In general, it could be seen that the antimicrobial activities of herb and spice
extracts against the pathogens were decreased with lower concentration of the extracts.
The Z. limonella and galangal extracts had higher antimicrobial activities compared to those of
neem leaves and garlic extracts. The highest inhibition zone for the growth of E. coli was
exhibited by the Z. limonella hydrodistillation extract, followed by garlic hydrodistillation extract,
galangal supercritical fluid extract and Z. limonella supercritical fluid extract (Table 7).
The inhibition zones of these extracts at 100% concentration were not significantly different to
that of the antibiotic control methicillin, which was 17.71+£0.62 mm (p=>0.05). Previously,
Oonmetta-aree et al. (2006) had interpreted the susceptibility of a bacterium towards herb and
spice extracts based on its diameter inhibition zone. The workers wrote down that a
microorganism would be resistant if the diameter inhibition zone was < 9 mm, intermediate if
the diameter inhibition zone was between 10 and 13 mm and susceptible if the diameter
inhibition zone was > 14 mm. Based on these categories, it could be determined that E. coli
was sensitive towards Z. limonella extract, garlic hydrodistillation extract and galangal
supercritical fluid extract. Finding in this study was higher than the report of Wannissorn et al.
(2005), who found that the diameter inhibition zones of A. galanga and Z. limonella against
E. coli were 10.5 and 13.5 mm, respectively. On the other hand Oonmetta-aree et al. (2006)
found that the ethanol extract of galangal could not inhibit E. coli. Differences in the finding
could be affected by different conditions during herb extractions and microbial strains
(Wannissorn et al., 2005; Tajkarimi et al., 2010). The effectiveness of garlic hydrodistillation
extract against E. coli could be contributed to the presence of allicin, an oxygenated sulfur
compound, which could inhibit certain thiol-containing enzymes in microorganisms (Ankri and
Mirelman, 1999).

In the case of S. Typhimurium, the galangal supercritical fluid extract and Z. limonella
supercritical fluid extract at their highest concentrations significantly had higher diameter
inhibition zones compared to those of the antibiotic controls amoxycillin, methicillin and
penicillin (p<0.05; Table 8). Based on microbial susceptibility grouping, S. Typhimurium was
also sensitive towards galangal and Z. limonella supercritical fluid extracts. This result was
consistent to the previous report of Wannissorn et al. (2005). The workers found that
A. galanga and Z. limonella could inhibit S. Typhimurium for 15.0 and 20.5 mm, respectively.
On the other hand, Weerakkody et al. (2010) found that water, ethanol and hexane extracts of

A. galanga could only inhibit S. Typhimurium for 5.5, 5.5 and 6.0 mm, respectively.
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For Staph. aureus, the highest inhibition zone of the pathogen growth was presented
by galangal supercritical fluid extract at 100% concentration, which was also significantly
higher than those of the antibiotic controls (p<0.05; Table 9). The Z. limonella extract at 100%
concentration, irrespectively to the extraction methods, could also inhibit the last bacteria and
had the antimicrobial capability that was not significantly differed than that of the methicillin
(p=0.05). The sensitivity of Staph. aureus towards galangal and Z. limonella extracts found in
this study was parallel with the finding of Weerakkody et al. (2010) for ethanol and hexane
extracts of A. galanga, the review of Supabphol and Tangjitjareonkun (2014) for essential oil
of Z. limonella fruit and the work of Tangjitjaroenkun et al. (2012b) for crude essential oil of
Z. limonella fruit and sabinene. The sensitivity of Gram positive bacteria, such as Staph.
aureus, towards herb and spice extracts could be due to the capability of antibacterial
substances to penetrate through the bacterial cell wall and attack the cytoplasmic membrane,

leading to leakage of the cytoplasm and/or cytoplasm coagulation (Weerakkody et al., 2010)

4. Conclusion

Based on the assessment in microbiological medium, it could be concluded that
Z. limonella and galangal extract had bacteriostatic and bactericidal activities against the
three studied pathogens, including E. coli, S. Typhimurium and S. aureus. The antimicrobial
capabilities of the extracts were significantly affected by their concentration level. In addition,
the extraction methods applied to the herb and spices played an important role for the extract
antimicrobial actions. A further study of Z. limonella and galangal extracts in food commodity

would be needed to confirm their antimicrobial activities in a real food system.

Acknowledgements

This research was supported by Asian Development Bank (ADB) project No. 43120-
013: LAO-Trade Facilitation - Improved Sanitary and Phytosanitary (SPS) Heading in Greater
Mekong Subregion (GMS) Trade project.

© 2018 Agro-Industry, Chiang Mai University

231




N
™
N

Food and Applied Bioscience Journal, 2018, 6(Special Issue on Food and Applied Bioscience), 218-239

(50°0>d) 1uaiaylp Apueoyiubls alem sia)a| Jualayip AQ Pamo||0} SUBS|\ e :9)JON

3poq

¢6'0¥6€°¢l c9'0+LL L1 8L°0+06'7l 00°0+00°9

5,SO0FVY'8  00°0F009 0007009 00°0F00°9 0s°ZL
uoljoetxd
5, 9C 0F0E6  00°0F00°9 0007009 0007009 00°G2C
’ ! ! ! pInj [eonLIo-1adng
0poaSC 0FB8LL o JO'OFOE'S  00°0F009  9/'0F00'L 00°0S
,cBS OFEE VL __ v/'0FG8'0L  00°0700'9 | VL'L¥CT VL 00°001
0007009 00°0¥00'9  00°0¥009 , /G'07€9'8 0s°Zh
[JYOO0FLE9  20°0¥6ECL  00°0F00°9, 19" LFPL0L 00°G2C
uone|isip-oipAH
55€ 0FEG'L  OL'0FZYEL  00°0F009 __6G LFLELL 00°0S
5epEL 0FCL6 | LE0FO8YL  LL'LFOE'LL  18LFL9'GL 00°001
lajem
Hun g} Bri 0} Bri g u ejjouow| (%) poyjow
pajnsip |eBuejen oljuen S9AB9| WaaN
o ul||Idiudd ul|IdIyIBIA  1jj19Axowy wnjAxoyjuez uoleuadU0) uoljoeuyx3
EI[E S

S|0J3U0D/S}oRIIXD (IaH

poylaw uoisnyip osip Jebe sy} ul 1joo elyoLsyos jsulebe sjoelixe qlay jualaylp Jo (Ww) sauoz uoniqiyul Jsyawelq / ajgel

© 2018 Agro-Industry, Chiang Mai University



™
™
N

Food and Applied Bioscience Journal, 2018, 6(Special Issue on Food and Applied Bioscience), 218-239

‘(50°0>d) 1uaiayip Apueoiiubls alam sia)a| Juaiayip AQ pamo||o) SUBS e :9)JON

¢C’'0¥0¢'6 €9°0¥¥0°GlL _09°0¥l6'GL 000F¥00'9
Ml IE] $op I

4poCC 0FG6'9L 0007009 00°0¥00'9  00'0¥00'9 0s°Zh
uoljoeaixa
6L°0Fy6'LL  00°0F00'9  00°0%009  /9'0%Zt'Cl 00°G2C
i H pinjy [eanuo-1edng
JVIFCLze 000%009  00°0%009  vi0FEL V) 00°0S
89°0¥.8'Gc  00'0¥00'9  00°0%00'9  y€'0¥90'6} 00°001
00°0¥00°¢  00'0¥00'9  60°0760'9 ,2G'L¥CL'6 0s°Z)
00'0%00°¢ 0007009  L0'LFLL'L  8G'LFOL O} 0062
) uone|isIp-0ipAH
L00°0F0L°LL  69°076L°9 |, V60F6C8  86'LFLG € 00°0S
5oVt 0T80VL  0/°0719'8 (LLTFBELL  0G'0%GS'9) 0000}
lajem
Hun g} Bri 0} Bri 0} saAed| ejjouow| (%) poyjow
pajsip  |ebuejen a1en
o Ul||Idiudd Ul||IdIYIBIA  uljjioAxowy TTEETN wnjAxoyjuez uoleiuaduU0) uoljoes)x3

a3}

S|0Jju09/sjorI)Xa gJoH

poylew uoisnyip osip Jebe sy} ul wnunwiydA] ejjouowies jsuiebe sjoelxa qiay jusiayip Jo (ww) ssauoz uonigqiyul Jsyswelq g ajqel

© 2018 Agro-Industry, Chiang Mai University



<t
™
N

Food and Applied Bioscience Journal, 2018, 6(Special Issue on Food and Applied Bioscience), 218-239

(50°0>d) 1uaiayip Apueolyiubls alem sia)a| Juaiayip AQ PamOo||0) SUBSI\ e :9JON

7 VFS90L b9'0FY0'0i€2°0FEEY | ,00°0700°9 00001
£79°0F08CL  00°0¥009 000009 6L OFEL'LL 052t
Y6 w w 1y6
uoljoeayxs
OO LFPELZ  00°0F009 | 000009 _L6L¥68'91 00°GZ
Q ’ piny [eontio-19dng
G8'L¥9/Z22  00°0F00'9 00°0F00'9 _ £¥'0%G.'8l 00°0S
qe w w apo
89'0FLL'GZ  ZO'LF9G'8  00'0F00'9 _ Z/°0¥96°0C 00°00}
Ml w poq
wy3C0FO¥'L 0007009  G0'0FE0'9 | OT'1¥89°/ 052t
yCEOFBYE  LT0F6ZL | 90°0FY0'9 | 6Z'EFLEOL 0062
._ .. uone||iIsip-oIpAH
orOFPLLL | 8L0FLZ0L | 90°0F0Z'9 | [T'1F88'LL 00°0S
oLV VFOSEL | (GLTFERTL B0TFYLLL  86°0FIL'LT 0000}
Hun g} Bri g,  Bri g} uyl Joyem pajnsip ejjouow| (%) poyjow
|eBuejen ol Jes)  S9AB9| WBAN
9 ul||Idiudd ul|IdIyviy 19Axowy a|149)S wnjAxoyjuez uoneIUIIUO0) uoljoeayxgy

S|0J3U0D/S}oRIIXD (IaH

poyjaw uoisnyip asip Jebe ay} ul snajne snaoooojAydels 1suiebe sjoelixe quay jualayip 1o (ww) sauoz uoiiqiyul Jajswelq 6 dlgel

© 2018 Agro-Industry, Chiang Mai University



Food and Applied Bioscience Journal, 2018, 6(Special Issue on Food and Applied Bioscience), 218-239

References

Almasaudi, S.B., Al-Nahari, A.A.M., Abd EI-Ghany, E.S.M., Barbour, E., Al Muhayawi, S.M., Al-
Jaouni, S., Azhar, E., Qari, M., Qari, Y.A. and Harakeh, S. 2017. Antimicrobial effect of
different types of honey on Staphylococcus aureus. Saudi Journal of Biological
Sciences. 24:1255-1261.

Ankri, S. and Mirelman, D. 1999. Antimicrobial properties of allicin from garlic. Microbes and
Infection. 2:125-129.

Aravjo, S., Silva, ILA.T., Tacdo, M., Patinha, C., Alves, A. and Henriques, |. 2017.
Characterization of antibiotic resistant and pathogenic Escherichia coli in irrigation
water and vegetables in household farms. International Journal of Food Microbiology.
257:192-200.

Bagheri, H., Manap, M.Y.B.A. and Solati, Z. 2014. Antioxidant activity of Piper nigrum L.
essential oil extracted by supercritical CO, extraction and hydro-distillation. Talanta.
121:220-228.

Bajpai, V.K., Baek, K.-H. and Kang, S.C. 2012. Control of Salmonella in foods by using
essential oils: A review. Food Research International. 45(2):722—734.

Baker, C.A., Rubinelli, P.M., Park, S.H., Carbonero, F. and Ricke, S.C. 2016. Shiga toxin-
producing Escherichia coli in food: Incidence, ecology and detection strategies. Food
Control. 59:407—419.

Bakkali, F., Averbeck, S., Averbeck, D. and Idaomar, M. 2008. Biological effects of essential
oils - A review. Food and Chemical Toxicology. 46:446—475.

Bubpawan, P., Boonphong, S., Sriwattanawarunyoo, C. and Udeye, V. 2015. Characterization
of the essential oil and fatty oil from Makhwaen fruit (Zanthoxylum rhetsa (Roxb.) DC).
NU. International Journal of Science. 12(1):1-10.

Charoensup, R., Duangyod, T., Phuneerub, P. and Singharachai, C. 2016. Pharmacognistic
specification of Zanthoxylum limonella (Dennst.) Alston: Fruits and seeds in Thailand.
Journal of Advanced Pharmaceutical Technology and Research. 7:134—138.

Das, Q., Islam, Md.R., Marcone, M.F., Warriner, K. and Diarra, M.S. 2017. Potential of berry
extracts to control foodborne pathogens. Food Control. 73:650-662.

Du$an, F., Marian, S., Katarina, D. and Dobroslava, B. 2006. Essential oils - their antimicrobial
activity against Escherichia coli and effect on intestinal cell viability. Toxicology in Vitro.

20:1435-1445.

© 2018 Agro-Industry, Chiang Mai University

235




Food and Applied Bioscience Journal, 2018, 6(Special Issue on Food and Applied Bioscience), 218-239

Fadil, M., Fikri-Benbrahim, K., Rachiq, S., lhssane, B., Lebrazi, S., Chraibi, M., Haloui, T. and
Farah, A. 2018. Combined treatment of Thymus vulgaris L., Rosmarinus officinalis L.
and Myrtus communis L. essential oils against Salmonella typhimurium: Optimization of
antibacterial activity by mixture design methodology. European Journal of
Pharmaceutics and Biopharmaceutics. 126:211-220.

Gupta, A., Mahajan, S. and Sharma, R. 2015. Evaluation of antimicrobial activity of Curcuma
longa rhizome extract against Staphylococcus aureus. Biotechnology Reports. 6:51-55.

Gutierrez, J., Barry-Ryan, C. and Bourke, P. 2008. The antimicrobial efficacy of plant essential
oil combinations and interactions with food ingredients. International Journal of Food
Microbiology. 124:91-97.

Gutiérrez-Morales, A., Veldzquez-Ordofiez, V., Khusro, A., Salem, A.Z.M., Estrada-Z(figa,
M.E., Salem, M.Z.M., Valladares-Carranza, B. and Burrola-Aguilar, C. 2017. Anti-
staphylococcal properties of Eichhornia crassipes, Pistacia vera and Ziziphys amole
leaf extracts: Isolates from cattle and rabbits. Microbial Pathogenesis. 113:181-189.

Hamad, A., Alifah, A., Permadi, A. and Hartanti D. 2016. Chemical constituents and
antibacterial activities of crude extract and essential oils of Alpinia galanga and
Zingiber officinale. International Food Research Journal. 23(2):837-841.

Hemeg, H.A. 2018. Molecular characterization of antibiotic resistant Escherichia coli isolates
recovered from food samples and outpatient Clinics, KSA. Saudi Journal of Biological
Sciences. Available on https://doi.org/10.1016/j.sjbs.2018.01.016.

Herrero-Fresno, A. and Olsen, J.E. 2018. Salmonella Typhimurium metabolism affects
virulence in the host - A mini review. Food Microbiology. 71:98-110.

Lahmar, A., Bedoui, A., Mokdad-Bzeouich, I., Dhaouifi, Z., Kalboussi, Z., Cheraif, |., Ghedira,
K. and Chekir-Ghedira, L. 2017. Reversal of resistance in bacteria underlies synergistic
effect of essential oils with conventional antibiotics. Microbial Pathogenesis. 106:50-59.

Lins, P. 2018. Antimicrobial activities of spices and herbs against Salmonella Oranienburg.
Food Control. 83:123-130.

Mahlangu, Z.P., Botha, F.S., Madoroba, E., Chokoe, K. and Elgorashi, E.E. 2017.
Antimicrobial activity of Albizia gummifera (J.F.Gmel.) C.A.Sm leaf extracts against four
Salmonella serovars. South African Journal of Botany. 108:132-136.

Maragathavalli, S., Brindha, S., Kaviyarasi, N.S., B. Annadurai, B. and Gangwar, S.K. 2012.
Antimicrobial activity in leaf extract of neem (Azadirachta Indica Linn.). International

Journal of Science and Nature. 3(1):110-113.

© 2018 Agro-Industry, Chiang Mai University

236




Food and Applied Bioscience Journal, 2018, 6(Special Issue on Food and Applied Bioscience), 218-239

Martinez-Gracia, C., Gonzalez-Bermudez, C.A., Cabellero-Valcarcel, A.M., Santaella-Pascual,
M. and Frontela-Saseta, C. 2015. Use of herbs and spices for food preservation:
Advantages and limitations. Current Opinion in Food Science. 6:38—43.

Mayachiew, P. and Devahastin, S. 2008. Antimicrobial and antioxidant activities of Indian
gooseberry and galangal extracts. LWT - Food Science and Technology. 41:1153—
1159.

Mejri, J., Abderrabba, M. and Mejri, M. 2010. Chemical composition of the essential oil of Ruta
chalepensis L: Influence of drying, hydro-distillation duration and plant parts. Industrial
Crops and Products. 32:671-673.

Mongkholkhajornsilp, D., Douglas, S., Douglas, P.L., Elkamel, A., Teppaitoon, W. and
Pongamphai, S. 2005. Supercritical CO, extraction of nimbin from neem seeds - a
modelling study. Journal of Food Engineering. 71:331-340.

Negi, J.S., Bisht, V.K., Bhandari, A.K., Singh, P. and Sundriyal, R.C. 2011. Chemical
constituents and biological activities of the genus Zanthoxylum: A review. African
Journal of Pure and Applied Chemistry. 5(12):412—416.

Oonmetta-aree, J., Suzuki, T., Gasaluck, P. and Eumkeb, G. 2006. Antimicrobial properties
and action of galangal (Alpinia galanga Linn.) on Staphylococcus aureus. LWT-Food
Science and Technology. 39(10):1214-1220.

Petrovi¢, N.V., Petrovi¢, S.S., Dzami¢, AM., Cirié, A.D., Risti¢, M.S., Milovanovi¢, S.L. and
Petrovi¢, S.D. 2016. Chemical composition, antioxidant and antimicrobial activity of
Thymus praecox supercritical extracts. Journal of Supercritical Fluids. 110:117-125.

Pourmortazavi, S.M. and Hajimirsadeghi, S.S. 2007. Supercritical fluid extraction in plant
essential and volatile oil analysis. Journal of Chromatography A. 1163:2—24.

Quelemes, P.V., Perfeito, M.L.G., Guimaraes, M.A., dos Santos, R.C., Lima, D.F., Nascimento,
C., Silva, M.P.N., Soares, M.J. dos S., Ropke, C.D., Eaton, P., de Moraes, J. and
Leite, J.R.S.A. 2015. Effect of neem (Azadirachta indica A. Juss) leaf extract on
resistant Staphylococcus aureus biofilm formation and Schistosoma mansoni worms.
Journal of Ethnopharmacology. 175:287-294.

Rachkeeree, A., Phianmongkhol, A. and Wirjantoro, T.l. 2014. Individual and combination
effects of Thai herb extracts and microwave treatment against Salmonella spp. Food
and Applied Bioscience Journal. 2(3):224—-240.

Reverchon, E. 1997. Supercritical fluid extraction and fractionation of essential oils and related
products. Journal of Supercritical Fluids. 10:1-37.

Reverchon, E. and De Marco, I. 2006. Supercritical fluid extraction and fractionation of natural

matter. Journal of Supercritical Fluids. 38:146—166.

© 2018 Agro-Industry, Chiang Mai University

237




Food and Applied Bioscience Journal, 2018, 6(Special Issue on Food and Applied Bioscience), 218-239

Salea, R., Veriansyah, B. and Tjandrawinata, R.R. 2017. Optimization and scale-up process
for supercritical fluids extraction of ginger oil from Zingiber officinale var. Amarum.
Journal of Supercritical Fluids. 120:285-294.

Samelis, J., Ikeda, J.S. and Sofos, J.N. 2003. Evaluation of the pH-dependent, stationary-
phase acid tolerance in Listeria monocytogenes and Salmonella Typhimurium DT104
induced by culturing in media with 1% glucose: A comparative study with Escherichia
coli O157: H7. Journal of Applied Microbiology. 95(3):563-575.

Samadi, M., Abidin, Z.Z., Yunus, R., Biak, D.R.A., Yoshida, H. and Lok, E.H. 2017. Assessing
the kinetic model of hydro-distillation and chemical composition of Aquilaria
malaccensis leaves essential oil. Chinese Journal of Chemical Engineering. 25(2):
216-222.

Santhosha, S.G., Jamuna, P. and Prabhavathi, S.N. 2013. Bioactive components of garlic and
their physiological role in health maintenance: A review. Food Bioscience. 3:59-74.

Seydim, A.C. and Sarikus, G. 2006. Antimicrobial activity of whey protein based edible films
incorporated with oregano, rosemary and garlic essential oils. Food Research
International. 39(5):639-644.

Shylaja, M.R. and Peter, K.V. 2004. The functional role of herbal spices. In K.V. Peter (ed.)
Handbook of herbs and spices (pp. 11-21) volume 2. Woodhead Publishing Limited,
Cambridge, England.

Shan, B., Cai, Y.-Z., Brooks, J.D. and Corke, H. 2007. The in vitro antibacterial activity of
dietary spice and medicinal herb extracts. International Journal of Food Microbiology.
117:112-119.

Stanojevi¢, J.S., Stanojevi¢, L.P., Cvetkovi¢, D.J. and Danilovi¢, B.R. 2015. Chemical
composition, antioxidant and antimicrobial activity of the turmeric essential oil
(Curcuma longa L.). Advanced Technologies. 4(2):19-25.

Subapriya, R. and Nagini, S. 2005. Medicinal properties of neem leaves: A review. Current
Medicinal Chemistry — Anti-Cancer Agents. 5:149-156.

Suhaj, M. 2006. Spice antioxidants isolation and their antiradical activity: A review. Journal of
Food Composition and Analysis. 19:531-537.

Supabphol, R. and Tangjitjareonkun, J. 2014. Chemical constituents and biological activities of
Zanthoxylum limonella (Rutaceae): A review. Tropical Journal of Pharmaceutical
Research. 13(12):2119-2130.

Tajkarimi, M.M., Ibrahim, S.A. and Cliver, D.O. 2010. Antimicrobial herb and spice compounds
in food. Food Control. 21:1199-1218.

© 2018 Agro-Industry, Chiang Mai University

238




Food and Applied Bioscience Journal, 2018, 6(Special Issue on Food and Applied Bioscience), 218-239

Tangjitjaroenkun, J., Chantarasriwong, O. and Chavasiri, W. 2012a. Chemical constituents of
the stems of Zanthoxylum limonella Alston. Phytochemistry Letters. 5(3):443—-445.

Tangjitjaroenkun, J., Chavasiri, W., Thunyaharn, S. and Yompakdee, C. 2012b. Bactericidal
effects and time-kill studies of the essential oil from the fruits of Zanthoxylum limonella
on multi-drug resistant bacteria. Journal of Essential Oil Research. 24(4):363-370.

Tangijitjaroenkun, J., Supabphol, R., Chavasiri, W. 2012c. Antioxidant effect of Zanthoxylum
limonella Alston. Journal of Medicinal Plants Research. 6(8):1407-1414.

Turgis, M., Vu, K.D., Dupont, C. and Lacroix, M. 2012. Combined antimicrobial effect of
essential oils and bacteriocins against foodborne pathogens and food spoilage
bacteria. Food Research International. 48(2):696—-702.

Wannissorn, B., Jarikasem, S., Siriwangchai, T. and Thubthimthed. 2005. Antibacterial
properties of essential oils from Thai medicinal plants. Fitoterapia. 76:233—-236.
Weerakkody, N.S., Caffin, N., Turner, M.S. and Dykes, G.A. 2010. In vitro antimicrobial activity
of less-utilized spice and herb extracts against selected food-borne bacteria. Food

Control. 21:1408-1414.

Wengiang, G., Shufen, L., Ruixiang, Y., Shaokun, T. and Can, Q. 2007. Comparison of
essential oils of clove buds extracted with supercritical carbon dioxide and other three
traditional extraction methods. Food Chemistry. 100:1558—-1564.

Wilson, E.A. and Demmig-Adams, B. 2007. Antioxidant, anti-inflammatory and antimicrobial
properties of garlic and onions. Nutrition and Food Science. 37(3):178-183.

Wongsrisom, N., Jinata, J., Manosan, B., Kuntakhoo, J., Wankuan, S. and Sriyam, S. 2014.
Anti-bacterial activities of essential oils from Mah-Khwuaen (Zanthoxylum limonella
Alstron) (in Thai). 1MI&13IVUASWAIW WD, 37(1):3-15.

Wu, Y., Wang, Y., Li, Z.-H., Wang, C.-F., Wei, J.-Y., Li, X.-L., Wang, P.-J., Zhou, Z.-F., Du, S.-
S., Huang, D.-Y. and Deng, Z.-W. 2014. Composition of the essential oil from Alpinia
galanga rhizomes and its bioactivity on Lasioderma serricorne. Bulletin of Insectology.
67(2):247-254.

Zhang, Y., Liu, X.,, Wang, Y., Jiang, P. and Quek, S. 2016. Antibacterial activity and
mechanism of cinnamon essential oil against Escherichia coli and Staphylococcus
aureus. Food Control. 59:282-289.

Zhao, S. and Zhang, D. 2014. Supercritical CO, extraction of Eucalytus leaves oil and
comparison with soxhlet extraction and hydro-distillation methods. Separation and

Purification Technology. 133:443—451.

© 2018 Agro-Industry, Chiang Mai University

239




